Pulmonary deposits of amyloid may be found in the primary form of the disease (Gonzalez-Cueto et al., 1970) or when it is secondary to other conditions (Dahlin, 1949) . Respiratory insufficiency is uncommon (Prowse, 1958) but in a few patients may be fatal (Cotton and Jackson, 1964) . This has been attributed to an 'alveolar-capillary block syndrome' (Spencer, 1968) but others have found no good evidence of a gas transfer defect (Bachmann, 1967; Mainwaring, Williams, Knight, and Bassett, 1969) .
We now describe a patient with impaired gas transfer who died with pulmonary amyloidosis secondary to multiple myelomatosis. CLINICAL PRESENTATION In May 1968, a 58-year-old English lady presented with symptoms of increasing tiredness for two months and a loss of 7 kg in weight over the previous year. She was thin and mildly anaemic but showed no other physical signs of disease. She had smoked 20 cigarettes a day since the age of 13 years. Investigations showed that her haemoglobin was 106 g/100 ml, ESR (Westergren) 91 mm in one hour, and a paraprotein with a concentration of 06 g/100 ml was present in the a region of the serum electrophoretic pattern with a moderately low gamma globulin level. Immunoelectrophoresis showed the paraprotein to be of the Ig GL type. Her serum calcium was 9 1 mg/ 100 ml; inorganic phosphorus 3 5 mg/100 ml; alkaline phosphatase 6 King-Armstrong units/ 100 ml; serum albumin 4-6 g/100 ml; and blood urea 31 mg/100 ml. 025-05 mg/day and three doses of 500 rads of radiation to the rib fracture sites. This relieved her pain but the breathlessness steadily increased. At 26 months, the haemoglobin had risen to 15-0 g/ 100 ml but the patient was unable to do even light housework because of breathlessness. She was referred to the Chest Unit for lung function investigations which were carried out with the patient sitting upright in a chair (see Table) . The vital capacity and forced expiratory volume were recorded using a bell spirometer. Functional residual capacity and lung volumes were measured by the closed-circuit helium dilution technique (Gilson and Hugh-Jones, 1949 ) using a Warren Collins apparatus, and the gas transfer factor by the single breath method of Ogilvie, Forster, Blakemore, and Morton (1957) . The arterial blood gases were analysed in a Radiometer electrode system with a correction factor for fluid/gas calibration difference for that particular instrument. These investigations showed the presence of a fixed (Fig. 2) , myocardium (Fig. 3) , and striated muscle (Fig. 4) , but not in the capillaries w ; of the liver, spleen, pancreas, adrenals, and _ _ fpituitary, even though the involvement of v -i arteries and arterioles in these organs was striking. tissue may have been the result of melphalan and steroid therapy. The kidneys (left 140 g, right 132 g) showed no macroscopic abnormality, but amyloid was present in the media of some of the in,tralobular arteries and arterioles. None was seen in the capillary walls of the glomeruli although a little was present in the walls of the capillaries among the tubules.
The lungs appeared firm and brown, the right weighing 642 g and the left 550 g. No local cause could be found for the collapse of a small segment of the right middle lobe. There was heavy perivascular amyloid deposition, as described above, with complete replacement of the muscle coats of some arterioles and giant cells applied to the deposits (Fig. 5) . None of the vessels was occluded. The alveolar capillaries had a thin layer of amyloid, up to 1 u thick, external to the endothelium so that, especially in fluorescent preparations, the alveolar pattern was accentuated,.
No signs of acute or continuing inflammation were present in the lungs and no excess of bronchial mucus-secreting cells. Some alveoli contained many haemosiderin-laden phagocytes but no unusual cells were seen which might correspond with the 'atypical epithelial cells' discussed by Heard and Cooke (1968) . The alveoli were of average dimensions. There was a small quantity of carbon in the connective tissue around large vessels but no abnormal fibrous tissue was present.
DISCUSSION
The association of amyloidosis and myelomatosis has been recognized for many years (Stewart, 1938) . Amyloid infiltration of the alveolar capillary membrane and vessels has been observed and pathologists inferred that the so-called alveolar capillary block syndrome should occur in this situation, but definite evidence of impaired gas transfer has been lacking, although Zundel and Prior (1971) reported a reduced carbon monoxide uptake in their patient with primary amyloidosis in the lung. The outstanding finding in the present case was a marked decrease in the gas transfer factor. Finley, Swenson, and Comroe (1962) question the traditional concept of a diffusion barrier sufficiently great to produce arterial desaturation on exercise. They suggest that uneven distribution of ventilation in relation to perfusion and artery to vein shunting of blood are the true defects causing deficient gas transfer in the alveolar capillary block syndrome. The pathological findings in our case lend support to this view. There was no marked thickening of the alveolar septal walls, no fibrosis, and no significant cellular infiltration or loss of surface area, but there was extensive amyloid infiltration of arterial and capillary walls.
The tests of ventilatory function show no evidence of the restrictive lung lesion usually produced by fibrotic or extensive cellular infiltration of the parenchyma. The forced expired, volume and FEV1/VC ratio indicate a moderate degree of airflow obstruction. This could have been the result of chronic bronchitis since the patient was an urban dweller who had smoked 20 cigarettes a day for 47 years. However, at necropsy changes of chronic bronchitis were not found in the bronchial tree and there was no evidence of emphysema. Mainwaring et al. (1969) described wheezing and recurrent respiratory infection in their patient with amyloidosis of the lower respiratory tract. Prowse (1958) , in his review of previously reported cases, states that wheezing and breathlessness were common symptoms. Indeed, repeated respiratory infection and haemoptysis were characteristic of the condition. Unfortunately, no ventilatory measurements were made in any of the 18 patients reviewed but 11 of them showed amyloid infiltration of the submucosal layers of the bronchi. We were unable to find such infiltration in our patient. Gonzalez-Cueto demonstrated fragmentation and loss of alveolar interstitial elastic fibres in the case he descnrbed (Gonzalez-Cueto et al., 1970) . It is possible that Very little muscle remains. (Haematdxyhin and eosin x 320). the amyloid infiltration altered the recoil tension characteristics of the lung parenchyma, allowing collapse of the small airways on forced expiration. We have no measurements of lung compliance but the increased functional residual capacity would be in keeping with this hypothesis. Thus the hyperinflation would help maintain patency of the collapsible airways during normal expiration, a circumstance similar to that seen in exacerbations of asthma.
The myelomatosis in the present case was treated with melphalan but it is unlikely that the pulmonary changes were caused by this drug. In particular, there was no sign of fibrinous exudate, intra-alveolar fibrosis, or atypical epithelial cells in the alveoli or bronchial epithelium changes as reported by Heard and Cooke (1968) after prolonged use of another alkylating agent, busulphan (Myleran). The histological picture also showed none of the features associated with radiation damage and the breathlessness predated the radiotherapy by several months.
The heart showed significant amyloid disease at necropsy but cardiac signs and symptoms were not a feature of the patient's last few months of life and cardiac failure would not in any case produce such a marked fall in the gas transfer factor with a well maintained vital capacity.
We therefore conclude that amyloidosis of the lungs was the main cause of breathlessness and that the reduction in gas transfer was due to amyloid infiltration of the alveolar vessels.
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